Small farms play a crucial role in conserving the agricultural biodiversity that underpins longterm food security worldwide. Particularly in centers of crop genetic diversity -such as Mesoamerica in the case of maize (corn) and the Andean region in the case of potatoes -small farmers are the 'keystone species' in agricultural ecosystems of great value to humankind. Today, however, a formidable nexus of market forces and political forces threatens both small farmers and the biodiversity they sustain. Countervailing public policies are urgently needed. These should include the removal of existing policy biases against small farmers; social recognition of the contribution of in situ conservation to human well-being; development of markets for 'traditional' varieties of crops and livestock; the provision of local public goods in areas where farmers cultivate diversity; payments for the environmental service of on-farm conservation; and support for part-time farming as an element of diversified household livelihood strategies.
Introduction
The small farmer is today an endangered species. In the industrialized countries of the global North, the number of farmers has been dwindling for generations. In the United States, for example, the total number of farms fell from 6.8 million in 1935 to fewer than 2 million today (Stam and Dixon, 2004) . Referring to trends in Europe, where the farming population is now declining by three percent annually, a recent The New York Times editorial derides the idea that 'every village that was inhabited in Charlemagne's day must be sustained,' and declares that 'more consolidation, in the form of larger-scale farming and an abandonment of absurdly inefficient production, is inevitable.' 1 In the developing countries of the global South, governments and international agencies alike appear to be intent on following the same path. Fifty years after the publication of Sir Arthur Lewis's (1954) dual-economy model, in which economic development was identified with the transfer of labor from the 'subsistence' agricultural sector to the 'capitalist' industrial sector, the assumption that small farms are destined for the dustbin of history remains conventional wisdom. 'Those indios,' a Guatemalan official told me a few years ago, referring to the country's indigenous majority, 'as long as they grow maize just like their grandparents, they'll be poor just like their grandparents.' 2 Rather than simply letting nature take its ostensible course, governments often seek to speed it along, promoting agricultural 'modernization' by means of subsidies and other policies that favor large-scale farming, purchases of farm machinery and chemical inputs, and more uniformity in the choice of crops and varieties. In a sense, these policies aim to subsume agriculture itself, and not only its erstwhile labor force, into the industrial economy. Even if the demise of the small farm were not a foregone conclusion, these policies could make it a self-fulfilling prophecy.
In the face of these trends, an intrepid band of economists has rallied to the defense of small farms on grounds of both equity and efficiency. Prominent among them is Keith Griffin, who warned in his classic study, The Political Economy of Agrarian Change (1979, p. xxii) against policies that could 'lead to the creation of an inefficient and capital intensive agriculture which is incapable of producing an adequate livelihood for the mass of the rural population.' Over the years, Griffin has held fast to this position. In a recent article co-authored with his colleagues Azizur Rahman Khan and Amy Ickowitz (2002, p. 320) , he insists that 'family farms use resources efficiently and can be just as dynamic as large farms.' Among economists, the arguments in favor of small farms have gained ground in the last few decades. The efficiency advantages of small farms -rooted in their labor intensity -have won increasing recognition, even in bastions of the development establishment such as the World Bank.
3 Yet policies on the ground have been slow to change. As Griffin (1979, p. 84) observed, the policy mix that favors larger farms is primarily attributable not to ignorance, but rather to the political influence of large landowners: 'Governments may claim to rule in the "national interest",' he wrote, 'but in reality they act in behalf of their supporters.' A shift toward prosmall farm policies is unlikely to be brought about by small farmers acting alone.
This essay offers a further argument on behalf of small farms, based on their role in providing a crucial public good: the conservation of agricultural biodiversity. 4 From the highland maize plots of southern Mexico and Guatemala to the rice paddies of eastern India and Bangladesh, small farmers across the world sustain the crop genetic diversity that underpins humankind's long-term food security. Many of those who provide this public good are desperately poor, and their continued ability and willingness to cultivate diversity can no longer be taken for granted. Policies to reward small farmers for their contributions to global food security would help to ensure both their future and our own.
Of course, this does not mean that all small farms -or, in the reducto absurdum line of the Times, 'every village inhabited in Charlemagne's day,' should endure forever. Nor does it mean that we need to create living museums where the agricultural landscape is frozen in time. On the contrary, a hallmark of 'traditional' agriculture is precisely its dynamism: in the farmers' fields, the process that Charles Darwin termed 'artificial selection' -natural selection guided by human hands -yields a constant stream of new varieties, adapted to changing needs and changing environmental circumstances. 5 But to say that not all small farms, or all crop varieties, can or should survive is not to say that a world of large, monocultural farms is desirable or feasible as the endpoint of agricultural history. A productive and resilient world agriculture requires a diverse mix of crop varieties, agricultural techniques, and farming systems. In this mix, there is a future for small farms.
Humans as a Keystone Species
As early as the 1500s, Spanish settlers began to arrive in the valley of the upper Rio Grande, in what is now the southwestern United States. To irrigate the semi-arid lands they found, the settlers constructed acequias, earthen channels that divert river water and carry it to valley slopes downstream. These gravity-fed irrigation systems transformed the landscape into a diverse 4 agroecosystem that includes wetlands, fields and orchards with unique varieties of beans and fruit trees, riparian corridors for wildlife movement, and fertile soils built by generations of careful land stewardship.
Anthropologist Devon Peña (2003, p. 169) describes humans as the 'keystone species' of this acequia landscape mosaic -'a species so central to the health of the ecosystem that without it many other species could not survive.' The idea that humans can act as a keystone speciesplaying a role in nature akin to that of beavers in the Canadian forests, or corals in ocean reefsmarks a profound departure from the image, widespread among environmentalists, of human beings as alien intruders whose 'ecological footprint' invariably tramples upon the fragile shoots of the natural world. Instead, it evokes a more balanced assessment of the relationship between humans and nature, one in which humans can have positive impacts, as well as negative ones, on the richness and diversity of life.
Another striking illustration of the potential for positive human impacts has come to light in recent years in South America. About 10% of the Amazonian region -with an area roughly the size of France -is covered by deep, dark soil known locally as terra preta do indio (dark earth of the Indians) that is prized for its long-lasting fertility. Terra preta is a remarkable exception to the general rule that tropical rainforest soils are poor in nutrients, and hence subject to rapid degradation once the forest cover is removed. Soil scientists have concluded that terra preta was created by the indigenous people who practiced 'slash-and-char' agroforestry in the region for two millennia. 6 An astonishing feature of terra preta is its capacity to regenerate itself: 'In a process reminiscent of dropping microorganism-rich starter into plain dough to create sourdough bread,' scientists hypothesize that 'Amazonian peoples inoculated bad soil with a transforming bacterial charge' (Mann, 2000b, p. 52 ).
More generally, it is not an exaggeration to say that most people today depend for their very survival on the fruits of past human interactions with nature. If we pause to give thanks before we eat a meal, our gratitude should extend to predecessors who first domesticated plants and animals, and over the millennia created the many thousands of varieties of these species that underpin the world's agriculture. Crops such as wheat, rice, maize, potatoes, and cotton did not appear on Earth by some happy circumstance. These and the other species on which we rely for our food and fiber arose in a process of 'coevolution' with human cultures. Beginning some ten thousand years ago, the inhabitants of Asia Minor domesticated wheat and barley, grains whose seeds have the key property of not 'shattering' and falling to the ground as they ripen. Their counterparts in Asia gave us rice, a versatile plant whose roots can survive in continuously flooded fields. In the Andes, early Americans gave us the potato. In Mesoamerica, perhaps most remarkably of all, the forbearers of today's Mayan campesinos evolved maize from its wild relative, teosinte.
7 Were humans to vanish from the planet, these species would vanish in short order, too.
To term these developments 'beneficial' is, of course, to make a normative judgment. From a 'deep ecology' perspective in which humans are just another species, whose survival is of no greater consequence than that of any other, the judgment that the acequia ecosystem, or terra preta, or food crops can be termed positive achievements might be questioned. If, however, our value system embraces a concern for the biosphere's capacity to sustain human well-being, then I think these deserve to be called improvements in the state of nature. To be sure, there are plenty of counterexamples where human activities have had negative environmental impacts. But positive impacts are part of our story, too.
Small Farmers: Cultivators of Diversity
Today, perhaps the single most important examples of humans acting as a keystone species are the agroecosystems that maintain the world's crop genetic diversity. Most of the 'keystone' people are small farmers. In part, this is because agricultural biodiversity is concentrated in regions of the world where small farms still predominate. In part, too, it is because small farmers have comparative advantages in the cultivation of diversity.
Centers of agricultural biodiversity
The centers of origin of the world's crops are concentrated in a few places, known as 'Vavilov centers' after the great Russian botanist of the early 20 th century, Nikolai Vavilov. Most of the Vavilov centers are in the developing countries of the global South (see Figure 1 ). Vavilov hypothesized that the ancient centers of crop origin tend to be the modern centers of crop diversity, a suggestion that, by and large, has stood the test of time. The logic behind this correlation is straightforward: crops evolve as farmers select seed for replanting from individual Vavilov (1992 Vavilov ( [1926 , p. 127).
plants that perform best in the face of local variations in soils, rainfall, altitude, pest populations, and so on. Diversity tends to be greatest where this process has had the longest time to unfold. In the Bengal delta, for example, where 'a few inches difference in elevation in relation to expected flooding depth and duration can cause farmers to plant different rice varieties,' some 10,000 different varieties of rice were being grown in the 1970s (Brammer, 1980, p. 25) .
Darwin described this process in the opening chapter of The Origin of Species: 'The key is man's power of accumulative selection: nature gives successive variations; man adds them up in certain directions useful to him.' One of Darwin's examples was the strawberry, a fruit that was growing in popularity at the time: 'Gardeners picked out individual plants with slightly larger, earlier, or better fruit, and raised seedlings from them, and again picked out the best seedlings and bred from them.' In this way, Darwin explained, 'those many admirable varieties of the strawberry were raised which have appeared during the last half-century' (Darwin, 1952 (Darwin, [1859 , pp. 18, 23).
As Vavilov documented, crop genetic diversity is distributed very unevenly across the globe. The available data on this point are remarkably sparse, but a rough indicator is the sources of seed samples that are stored in the world's largest 'gene banks', ex situ (off-site) collections maintained for possible future use by scientists and plant breeders. In the case of maize, for example, Mexico accounted for 4220 of the maize accessions held at the International Maize and Wheat Improvement Center (known by its Spanish acronym, CIMMYT) in the mid-1990s, and Guatemala for another 590; by contrast, the United States, with more than three times the maize acreage of Mexico and Guatemala combined, accounted for only 43 samples . Mexican farmers today are believed to grow roughly 5,000 different varieties of maize, whereas in the United States -where corn is sown on roughly 70 million acres -more than 70% of the acreage is planted with varieties 'based on no more than half a dozen inbred lines' (Goodman 1995, p. 200) . 8 
Comparative advantages of small farmers in cultivating diversity
Around the world, it is generally small farms -especially those in the Vavilov centers -that practice high-diversity agriculture. Not only do individual small farmers often choose to cultivate several varieties of the same crop, but also, and probably more importantly, different farmers in a given locality often cultivate different varieties. Large farms, in contrast, are more likely to sow a single variety over a wide area. This inverse relationship between farm size and varietal diversity has several explanations.
First, high-diversity farming is generally more labor-intensive than low-diversity farming. It takes more time and effort to cultivate varieties with different sowing dates, harvest times, and other requirements than to practice varietal monoculture. Considerable labor also is needed to maintain the physical infrastructure -such as watercourses and terraces -that often supports high-diversity agriculture. As we know from the many studies of the relationship between farm size and labor use, smaller farms have a comparative advantage in labor-intensive operations. This is because they rely more on family labor, the 'real cost' of which is lower than the wage of hired labor, and because insofar as they do use hired laborers, small farmers have fewer supervision problems (not only is supervision easier on small farms, but also the need for supervision may be less by virtue of the narrower social distance between employer and employee). 9 Second, high-diversity agriculture depends on the farmers' knowledge of different crop varieties and their relationships to microhabitat variations. Small farmers are the repositories of this knowledge. Without them, it would be harder not only to sustain agricultural biodiversity, but also to know the attributes of the varieties that are being sustained. Indigenous cultures often are particularly rich in this knowledge. For example, the Mixe language, spoken by maize farmers in southern Oaxaca, Mexico, has words for 'a greater and richer number of stages of plant development (germination, flowering, leaf and whorl development, appearance of black color at base of kernels, etc.) than those existing in conventional scientific literature.' 10 Third, small farmers often predominate in 'marginal' agricultural environments where the spread of 'modern' varieties has been held in check by unfavorable growing conditions. Hilly terrain, as in the highlands of southern Mexico and Guatemala, is less suitable for monoculture and mechanization; similarly, in deeply flooded parts of the Bengal delta, the short-statured 'highyielding' (that is, highly fertilizer-responsive) varieties cannot be grown. Such lands are relatively unattractive targets for appropriation and concentration by landowning elites. At the same time, they often have exceptionally high degrees of microenvironmental variation, which favors varietal diversification. In a single village in Oaxaca, for example, researchers Raúl and Luis García- Barrios (1990) found that the campesinos distinguished among 17 different environments in which they grew 26 distinct varieties of maize. Similarly, Maori weavers in New Zealand recognize more than 80 distinct varieties of flax (Shand, 1997 , p. 11, citing Heywood, 1995 .
As already noted, 'traditional' agriculture is by no means static. The artificial selection process that created crop genetic diversity continues unabated in farmers' fields, leading botanists to refer to these fields as 'evolutionary gardens.'
11 In this process, the line between 'traditional' and 'modern' agriculture often becomes blurred, as small farmers adopt and adapt new varieties released by professional public-sector and private-sector plant breeders.
12 As Stephen Brush (1995), among others, has observed, traditional varieties can co-exist with modern varieties. Moreover, even after the introduction of new varieties, the processes of cross-pollination, mutation, and artificial selection continue to give rise to successive generations adapted to local conditions. In Bangladesh, for example, by selecting seed from the tallest plants in fields of short-statured 'green-revolution' rice varieties, farmers developed in the space of a few years new varieties that are suitable for more deeply flooded fields. 13 Given the dynamic character of traditional agriculture, the 'traditional-modern' dichotomy is better described as a contrast between high-diversity and low-diversity agricultural ecosystems.
Diversity and Efficiency
There is a fundamental tension between the 'efficiency' promoted by markets and a broader notion of efficiency, founded on long-term human well-being, that (i) encompasses externalities, both positive and negative, and (ii) puts the welfare of future generations on a par with presentday welfare, rather than discounting it towards zero. The logic of the market puts little value on crop genetic diversity. Instead it dictates that in any given time and place all farmers should grow the same 'optimal' variety, tempered only by local differences in soils, climate, and so on. Apart from some variations in response to local differences, the market puts no value on diversity per se: less profitable varieties are driven out by more profitable varieties. Yet in the long run, diversity is crucial if agriculture is to be resilient. The farmers who maintain diversity thus provide a positive externality, a social benefit that the market fails to reward.
The varietal relay race
The basic problem with low-diversity agriculture is that time and nature do not stand still. Among the insects and plant pathogens that thrive in the green blanket of corn that covers the midsection of the United States every summer, the Darwinian process of survival of the fittest proceeds, favoring the evolution of new strains of pests that are particularly well-adapted to the handful of corn varieties being grown on millions of acres of farmland. State and federal agricultural officials monitor the fields for outbreaks of new insect and plant disease threats. Plant breeders respond by screening their breeding lines for varieties with resistance to these new strains, and incorporating this resistance into the next generation of cultivars (cultivated varieties). The average commercial lifespan of a newly released corn variety in the U.S. is only seven years, after which it is rendered obsolete by the emergence of new strains of insects or plant diseases (Duvick, 1984, p. 164) . Surveys of a number of major crops undertaken for the U.K. Department of the Environment in the mid-1990s found that 'the viability of any given product is only about five years, with pests and disease being the primary factors for the obsolescence' (Swanson and Luxmoore, 1997, p. 98 ).
The same process occurs wherever agricultural 'modernization' results in a high degree of varietal uniformity. In the case of Asian rice agriculture, for example, 'under the intensive cultivation practices, insect pests of short life span and heterogeneous population structure, such as the brown planthopper, can quickly adapt their genetic population structure in response to the resistance gene in the most widely grown cultivar' (Chang 1995, p. 154) . Rice breeders at the International Rice Research Institute (IRRI) in the Philippines and at national agricultural research institutions again must respond by releasing new varieties with resistance to the new threats.
Monocultural optimization not only creates an environment that favors evolution of virulent new pests and diseases. It also creates one in which, if and when such organisms emerge, they can trigger widespread crop failures. This genetic vulnerability -arising from the eggs-in-one-basket syndrome -is the soft underbelly of low-diversity agriculture. To cope with this vulnerability, plant breeders rely on 'diversity through time,' breeding and releasing new crop varieties (Duvick, 1984; Duvick et al., 2004 ). In a sense, then, 'low-diversity' agriculture is a misnomer: the viability of modern agriculture rests on the substitution of time-series variation for crosssectional variation.
The stakes in this 'varietal relay race' are high, as was demonstrated in the United States in 1970, when the southern corn leaf blight destroyed one billion bushels of maize, including as much as half the harvest in some southern states. The epidemic was caused by a new strain of a fungus, Bipolaris maydis, which was virulent on plants with a genetic makeup shared by 85% of the maize grown in the US at the time. Plant breeders were able to respond in the following year by incorporating genetic resistance they found in some maize varieties grown in Africa. Scientists were 'shaken by how close the system had come to disaster, ' Mann (2004, p. 7) reports; 'they had been lucky that the problem was quickly contained, and luckier still that the African maize had not been supplanted by vulnerable modern hybrids.'
As the corn leaf blight example illustrates, the raw material for the varietal relay race ultimately comes from the crop genetic diversity bequeathed to us by previous generations and today sustained by small farmers around the world. In other words, the long-run sustainability of lowdiversity agriculture rests on a continuing flow of biological inputs from the high-diversity agriculture. The irony is that by virtue of its superior short-run 'efficiency,' modern agriculture is undermining the economic viability of traditional agriculture: the small farmers who cultivate diversity face increasing competition from the 'green revolution' at home, and from cheap agricultural imports from the industrialized countries. In the quest for high productivity, botanist Garrison Wilkes explains, we have 'built our roof with stones from the foundation.'
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The need for in situ diversity
The seed collections held at public-sector agricultural research institutions around the world are storehouses of crop genetic diversity. When dried and kept under controlled temperature and humidity conditions, the seeds can remain viable for a number of years (often around three decades); if then planted, with care to prevent cross-pollination, the seed can be replicated and stored again. These ex situ 'gene banks' -including the wheat and maize collections at CIMMYT in Mexico; the rice collection at IRRI in the Philippines; the potato collection at the International Potato Center in Peru; and the US Department of Agriculture's National Seed Storage Laboratory (NSSL) in Fort Collins, Colorado -are public goods of immense value to humankind. They do not represent an adequate substitute for in situ (in-the-field) diversity, however, for several reasons.
First, the gene banks are not completely secure. Accidents, wars, and chronic underfunding all make the survival of the stored seeds precarious. The world's largest ex situ collection of crop varieties is -or was -at the Vavilov Institute in what for a time was called Leningrad and now once again is called St. Petersburg. In their book, Shattering, Cary Fowler and Pat Mooney recount the drama that unfolded at the Vavilov Institute during the siege of Leningrad in World War II. With food supplies cut off by the German army, people ate dogs, cats, and even grass in an effort to survive. In the end, more than half a million of the city's residents starved to death. The dead included staff members of the Institute, who took extraordinary measures to safeguard seeds that they could have eaten to prolong their own lives. 'When all the world is in the flames of war,' a survivor recalls the staff telling each other, 'we will keep this collection for the future of all people' (Fowler and Mooney, 1990, pp. 221-2) .
Today, plant breeders believe that most of the seeds held at the Vavilov Institute are no longer viable -in other words, they are dead. The reason is the inadequate maintenance and replication of the collection in the years before and since the breakup of the Soviet Union. A similar fate may have befallen what was once the world's second largest maize collection (after that of the Vavilov Institute) in Belgrade, the capital of the former Yugoslavia (Plucknett at al., 1987, p. 120) . Even in relatively prosperous and stable nations, like the United States, accidents and funding shortages make the ex situ collections less than perfectly secure. 15 A second reason why ex situ collections cannot adequately replace in situ diversity is that, at best, gene banks conserve only the existing stock of crop genetic diversity. They cannot mimic the ongoing flow of new varieties that happens in the farmer's field under the pressures of natural and artificial selection. 'A main object of in situ conservation, ' Brookfield (2001, p. 248) concludes, 'should be to enhance the processes that create genetic diversity, not to protect any actual body of genetic material.' It would require great hubris to imagine that we can safely terminate the coevolutionary process that small farmers have carried forward for thousands of years, and henceforth delegate all crop breeding to professional scientists mining the existing stock of diversity held in seed collections.
Finally, there is a world of difference between having a seed 'in the bank' and knowing what you have. Many genetic attributes can be observed only by growing plants in the microhabitats from which they come. The fact that a certain maize variety can withstand intermittent drought at fourweek intervals, for example, or that is resistant to a particular strain of fungus, is not apparent unless it is grown in circumstances that reveal these qualities. Relying on artificial growth chambers to obtain this information would be very expensive. In effect, knowledge of the attributes of diverse varieties -knowledge that resides in the farmers who grow them -is a vital component of diversity itself. As Garrison Wilkes puts it, 'sun, soil, seeds, and smarts' are the 'four S's of farming.'
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None of the foregoing is meant to disparage the importance of ex situ collections or minimize their need for adequate financial support. Ex situ collections provide a conduit for plant breeders to access diversity, and they provide insurance against losses of diversity in the field. For example, Cambodian rice varieties that were lost during the war and the disruption of the Khmer Rouge period subsequently were reintroduced using seeds that had been stored at IRRI. 17 But the insecurity of ex situ collections, the importance of continued evolution in the field, and the need for information about varietal attributes all mean that the world needs in situ diversity, too. In situ and ex situ diversity are complements, not substitutes.
Small Farmers as an Endangered Species
From the highlands of Mesoamerica to the river deltas of south Asia, the ability of small farmers to sustain agricultural biodiversity is threatened by their lack of livelihood security. For example, in Mexico -where there is a striking geographical correlation between maize diversity and the prevalence of infant malnutrition (see Figure 2 ) -outmigration from rural areas is highest 'where corn production is carried out in small plots, with local varieties, and where poverty is pervasive' (Nadal, 2000, p. 8) . 18 In the last few years, rural outmigration has been limited by Mexico's economic crisis and the lack of urban employment opportunities, but this could change quickly if the economy improves (Ackerman et al., 2003) . Poverty cannot provide a durable basis for conserving in situ diversity.
Figure 2: Maize Diversity and Infant Malnutrition in Mexico
Source: Nadal (2000, pp. 50, 90) .
Outmigration of farmers is propelled by 'pull' factors and 'push' factors. On the 'pull' side are the lures of urban employment, the 'bright lights' of the city, and better access to education and health services. Yet the fate of displaced small farmers in urban areas is often grim: the work that awaits them is often low-paid, insecure, and hazardous; their housing is precarious and inadequate; and they no longer have access to land for subsistence production. To understand what makes these urban options seem attractive in comparison to farming, we must look at the 'push' side of the migration equation. Two factors that help to explain why small farmers find it increasingly difficult to earn a living on the land are agricultural 'modernization' and international agricultural trade. On a level playing field, neither of these necessarily would be inimical to the small farmer. All too often, however, both are played out on a terrain that is tilted against small farmers.
Agricultural 'modernization'
Agricultural 'modernization' is often spearheaded by the introduction and diffusion of highly fertilizer-responsive crop varieties, a process epitomized by the 'green revolution' in rice and wheat agriculture that was launched in Asia and Latin America in the 1960s. In principle, this technology was divisible and labor-intensive, and thus well-suited to small farms. In practice, as Keith Griffin documented in The Political Economy of Agrarian Change, large landowners often reaped the lion's share of the benefits. Small farmers lost out not only in relative terms, but also absolutely insofar as large farmers were able to expand operations at their expense.
This polarization occurred for several reasons. First, the new varieties were best suited to regions well-endowed with water-control infrastructure, such as the states of Punjab and Haryana in India, leaving producers in poorer regions to face adverse effects from falling output prices and/or rising input prices. Second, within regions, large farmers had preferential access to irrigation hardware and subsidized credit, positioning them to reap windfall gains as 'early adopters' of the new technology. Third, large farmers used their political power, bolstered by these income gains, to extract further state support, including subsidies for farm machinery that helped to offset the labor-cost advantages of small farmers. Fourth, in settings where land often changes hands through transactions that involve some degree of 'extra-economic' coercion, the green revolution enhanced both the incentive for large landowners to wrest control of lands from smaller farmers, and their power to do so. 19 Insofar as agricultural modernization triggers displacement of small farmers, it undermines the social basis for agricultural biodiversity. To be sure, new technologies can lead to genetic erosion on small farms, independently of changes in the agrarian structure, if small farmers themselves decide to replace numerous local varieties with fewer new ones. 20 As noted above, however, it is possible for traditional crop varieties and farming practices to co-exist with new ones. Indeed one can imagine situations where the introduction of new varieties enhances diversity rather than diminishing it. 21 The impact of 'modernization' on agricultural biodiversity hinges, in no small measure, on how it affects the livelihood security of small farmers. As the small farmer goes, so goes diversity.
International agricultural trade
A second 'push' factor arises from the growth of international agricultural trade. Small farmers in the developing countries of the global South now face intensifying competition from cheap grain imported from the industrialized countries of the global North. A striking example is Mexico's imports of maize from the United States: since the North American Free Trade Agreement (NAFTA) went into effect a decade ago, imports have risen from one million metric tons/year to more than six million, a volume equivalent to roughly one-quarter of Mexico's annual consumption (Audley et al., 2004, p. 22) . These imports, coupled with the Mexican government's withdrawal of price supports for maize farmers, have caused real producer prices to plummet by 70% (OXFAM, 2003, p. 2) .
The competitive edge that permits US corn to capture Mexican markets has several sources. Genuine comparative advantage is part of the story: the regular rainfall, fertile soils, and harsh winters that suppress pest populations help to make the midwestern US 'corn belt' a good place to grow maize. The broad array of agricultural support policies and subsidies in the US also make a contribution. 22 The failure of market prices to internalize environmental costs ('negative externalities') confers a further advantage to US agriculture; the supply price of US maize does not include, for example, the social costs of widespread contamination of groundwater and surface waters by the herbicide atrazine. 23 Last, but not least, the failure of market prices to internalize the environmental benefits of in situ conservation of crop genetic diversity (a 'positive externality') hobbles the competitive position of small-scale Mexican farmers.
International trade thus allows low-diversity agriculture in the North to displace high-diversity agriculture in the South. Trade reform efforts -for example, efforts to curtail US and European Union policies that foster overproduction and the dumping of agricultural products on world markets -would help to level the playing field for small farmers. But as long as externalities are left out of the picture, systematic biases against small farmers will persist. For small farmers in the global South, and above all in the centers of diversity, policies to reward the environmental service of in situ conservation are of key importance. In effect, these small farmers subsidize modern agriculture and food consumers worldwide. The way to end this subsidy is not to eliminate the environmental service by driving small farmers off the land, but instead to reward their contributions to world food security.
What is to be Done?
A wide range of policies can be envisioned that would reward small farmers for sustaining agricultural biodiversity. Such policies would both strengthen rural livelihood security and provide incentives for continued in situ conservation. In other words, rather than posing a tradeoff between poverty reduction and environmental protection, these are policies that would advance both goals simultaneously.
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(i) Removal of anti-small farmer policy distortions: As noted above, the competitive advantage of large farmers and low-diversity agriculture rests, in part, on government policies that favor capital-intensive agricultural technologies and promote the dumping of surplus agricultural products on world markets. While the removal of these distortions would not eliminate other biases that arise from neglect of externalities, this would be a step in the right direction.
(ii) Social recognition: Another important step would be to promote 'non-economic' rewards for the conservation of agricultural biodiversity. At the annual 'feria del elote' (corn fair) in Jala, Mexico, for example, farmers get prizes for producing the finest examples of the valley's traditional landrace maize. Such recognition not only makes farmers feel good; it also helps to create public awareness of the need for policies to provide economic rewards.
(iii) Market development: 'A rose is a rose is a rose,' wrote the poet Gertrude Stein. However that may be (and rose lovers no doubt would have something to say about this), one ear of corn is not the same as any other. Traditional varieties of grains, vegetables, and fruits not only have different genetic attributes than modern varieties; they also look different, and most importantly, taste different. In part for this reason -and in part, by virtue of commitments to environmental values -there is scope for development of domestic and international markets in which traditional varieties command a price premium. Labeling systems, like the denominations of origin established for French wines in 1935, can assist in creating such markets . Again, this could not only provide direct rewards to growers, but also help to raise public consciousness of the importance of diversity and the need for public policies to sustain it. 25 (iv) Provision of local public goods: Outmigration of small farmers is propelled in part by lack of local public goods, such as schools and health clinics. To encourage small farmers to remain on the land, and to provide tangible evidence of the value society places on the environmental services they provide, governments and international agencies could invest in local public goods. Even in the absence of concerns over the erosion of agricultural biodiversity, there are compelling equity and efficiency arguments for such investments. The need to conserve diversity merely adds to the case.
(v) Payments for environmental services:
A further possibility that warrants serious exploration is payments to farmers who provide the environmental service of in situ conservation. For such payments to become a part of the policy mix, two main questions would need to be resolved: how to structure the payments, and how to finance them. Payments could take the form of a 'bonus' per unit output, (as suggested by Nadal, 2000, p. 104) , or a payment per unit area under the crop, which would have the advantage of removing biases against varieties with low yields per unit area. In determining which individuals or communities should receive payments, there may be tradeoffs between precision and inclusivity, and a good case can be made for the latter. 'When money falls from heaven into a poor community,' Peter Rosset comments, 'it often ends up accentuating the power and wealth differences in the community,' and can 'even lead to violence.' 26 Structuring payments so as to strengthen rural communities will be a key challenge. 27 With regard to sources of finance, the fact that the benefits of agricultural biodiversity are truly global means that local and national governments should not have to bear the entire cost of sustaining it. There is a need to mobilize international resources, perhaps under the aegis of the Global Environment Facility.
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(vi) Policies to encourage part-time farming: Finally, we should recognize that farming need not be an all-or-nothing occupational choice. In Japan, for example, only 15% of the country's three million farm households (a number that is down from six million in 1960) earn their livelihoods entirely from farming; three-quarters derive most of their income from non-farm sources (see Figure 3) . Just as the adoption of 'modern' crop varieties does not necessarily eliminate 'traditional' varieties, so the expansion of non-farm employment does not necessarily eliminate farming. Policies that help to generate parttime, off-farm employment opportunities in rural areas can help to sustain small farms. So can policies that promote agriculture-friendly tourism, thereby internalizing another positive externality often generated by small-farm landscapes: scenic beauty. 29 In supporting small farms, such policies could help to sustain agricultural biodiversity, especially if accompanied by other policies that recognize and reward the social value of in situ conservation. Non-commercial farms (less than 30 acres and annual income from sale of farm products less than 500,000 yen) [25.7%] Farms whose non-farm income exceeds farm income [49.8%] Source: Government of Japan (2003, p. 57) .
These policies are not mutually exclusive, nor is any one policy alone likely to be sufficient. Taken together, however, these policies could do a great deal to support small farms and stewardship of agricultural biodiversity.
Conclusion
There is a future for small farms. Or, to be more precise, there can be and should be a future for them. Given the dependence of 'modern' low-diversity agriculture on 'traditional' high-diversity agriculture, the long-term food security of humankind will depend on small farms and their continued provision of the environmental service of in situ conservation of crop genetic diversity. Policies to support small farms can be advocated, therefore, not merely as a matter of sympathy, or nostalgia, or equity. Such policies are also a matter of human survival.
The diversity that underpins the sustainability of world agriculture did not fall from the sky. It was bequeathed to us by the 400 generations of farmers who have carried on the process of artificial selection since plants were first domesticated. Until recently, we took this diversity for granted. The ancient reservoirs of crop genetic diversity, plant geneticist Jack Harlan (1975, p. 619) wrote three decades ago, 'seemed to most people as inexhaustible as oil in Arabia.' Yet, Harlan warned, 'the speed which enormous crop diversity can be essentially wiped out is astonishing.'
The central thesis of this essay is that efforts to conserve in situ diversity must go hand-in-hand with efforts to support the small farmers around the world who sustain this diversity. Economists and environmentalists alike by and large have neglected this issue. In thrall to a myopic notion of efficiency, many economists fail to appreciate that diversity is the sine qua non of resilience and sustainability. In thrall to a romantic notion of 'wilderness,' many environmentalists fail to appreciate that agricultural biodiversity is just as valuable -indeed, arguably more valuable from the standpoint of human well-being -as the diversity found in tropical rainforests or the spotted owls found in the ancient forests of the northwestern United States.
Today a formidable nexus of market forces and political forces threatens both small farmers and the agricultural biodiversity they sustain. Several countervailing public policies have been suggested here: removal of policy biases against small farmers; social recognition of the contribution of in situ conservation to human well-being; development of markets for 'traditional' varieties; provision of local public goods in areas where farmers cultivate diversity; payments for the environmental service of on-farm conservation; and policies to support parttime farming as a component of household livelihood strategies.
Only an awakened and mobilized public opinion can bring such policies into being. Small farmers cannot do it alone: they need allies. A process of 'artificial selection' is needed in the policy arena to yield outcomes that will not come about from 'natural selection' by market forces and the political influence of the powerful. No less than farming itself, ensuring a sustainable future requires human intelligence and human agency. In the present era of globalization, all of us share responsibility for the cultivation of agricultural biodiversity. 2 Personal interview, Guatemala City, December 1997.
3 For the incorporation of this recognition into recent thinking at the World Bank, see Deininger (2003) .
